Pigs weaned at 21 d of age [n = 72) were fed a 20% CP corn-soybean meal-based diet (control) with 1.5% fumaric or 1.5% citric acid added to observe the effect of these acids on the pH, chloride ion concentration ((3-I, VFA profile, and microflora population in the stomach, jejunum, cecum, and lower colon contents at -2, 0, 3, 7,14, and 21 d postweaning. Feeding organic acids had no appreciable effect (P > .lo) on stomach, jejunum, cecum, or lower colon pH, C1-, VFA profile, or microflora populations, except for increasing the concentration of fumaric acid in the stomachs of pigs fed fumaric acid. The pH of the gastrointestinal tract generally decreased from -2 to 21 d postweaning with no corresponding Key Words: Pigs, pH, Organic Acids, change in Cl-over time. No age effects on total anaerobic culture counts were observed except in the stomach, where counts decreased from -2 to 3 d postweaning. Clostridia counts generally decreased after weaning in all intestinal sections. Lactobacillus counts were usually lower at d 0 and 3 and greatest at d 7 postweaning in the stomach, jejunum, and lower colon, but no age effect was observed for concentration of cecum lactobacilli. Escherichia coli counts generally increased after weaning to 3 and 7 d postweaning. Intestinal content measurements were affected by postweaning age but were not affected by feeding organic acids.
Introduction
A postweaning lag characterized by poor growth, general unthriftiness, and often by scouring is usually observed the first week after weaning 3-to 4-wk-old pigs (Tzipori et al., 1980 ; Barnett et al., 1989) . This postweaning lag phase may have a lasting detrimental effect on perfonn-J. Anim. Sci. 1992. 70:198-206 ance and may be related to the inability of the weanling pig to secrete sufficient quantities of hydrochloric acid in the stomach to lower gastric pH (Manners, 1976) to properly digest a cornsoybean meal diet (Kidder and Manners, 1978) or to inhibit the proliferation of coliforms (Cranwell et al., 1976) . Improvements in postweaning growth rate and efficiency of feed utilization have been achieved by supplementing starter diets with fumaric or citric acids Walkowski and Aherne, 1984; Giesting and Easter, 1985;  Risley, 1990) . This improvement in growth performance has been hypothesized to be related to the lowering of gastric pH and subsequent modifcation of the intestinal microflora by these acids (Scipioni et al., 1978;  Burnell et al., 1988; Radecki et al., 1988 ).
The present study was conducted to determine the influence of feeding diets containing fumaric or citric acid on the intestinal postweaning changes of pH, chloride ion concentration (Cl-I, VFA profile, and microfloral populations in weanling pigs. Table 1 . Percentage composition of diets Four trials with 18 pigs each were conducted to determine the effect of organic acid supplement& tion on the intestinal contents pH, Cl-, VFA profile, and microfloral population in weanling pigs. In each trial, three female crossbred pigs were randomly selected from each of six paternal half-sib litters and were randomly assigned to a diet treatment and an intestinal content sampling day, such that within and across litters no dietary treatment and sampling day combination was repeated. Pigs were weaned at 21 d of age. Dietary treatments consisted of a 20% CP corn-soybean meal diet formulated to meet or exceed the nutrient requirements of weanling pigs (NRC, 1988) with 1) no supplementation (control); 2) 1.5% fumaric acid added; or 3) 1.5% citric acid added Uable 1). Sampling days were 2 d preweaning (-2 d postweaning) and 0 , 3 , 7, 14, and 21 d postweaning. Pigs assigned to d -2 postweaning were removed from the sow at 19 d of age and necropsied. Pigs assigned to d 0 postweaning were removed from the sow at 21 d of age and allowed access to the starter diet for 6 h and then necropsied.
Materials and Methods
Pigs were housed individually in an environmentally controlled nursery with wire-bottomed pens (.6 m x .9 ml. Temperature Winkle et al., 1978) and ventilation rates ILubinus and Murphy, 1979) were maintained at recommended levels. pigs were allowed ad libitum access to water and feed.
Gastrointestinal Measurements. On each sampling day, the assigned nonfasted pig was killed (at approximately 09001 by electrocution followed by exsangthation. Immediately, the viscera were exposed via a midune incision and the following sections were aseptically isolated, doubly ligated, and removed: the entire stomach, a 1-m section of jejunum, the entire cecum, and a .3-m section of lower colon (near the rectum). The contents of each intestinal section were collected and mixed. Then, 2 g was diluted in 18 mL of deionized water, mixed, and suspended on an electromagnetic mixer. The pH and c1-concentration were determined within 30 min of collection using the appropriate electrodes (Fisher Scientific AccupHast combination electrode # 13-620-281 and Accumet pH meter # 620, Fisher-Scientific, Pitts- Diet pH waa determined in triplicate by weighing 20 g of diet into a 250-mL beaker and adding 100 mL of deionized water. This mixture was continuously mixed while the pH was determined [Radecki et al., 1988) .
Intestinal contents for microbial determinations were collected in plastic zip-lock bags and immediately flushed three times with oxygen-free C02. Intestinal contents were serially diluted in prereduced salt media (Holdeman et al., 1977) and plated on selective media. For total anaerobic bacterial counts, samples were serially diluted and cultured in roll tubes containing ruminal fluid-glucosecellubiose agar Woldeman et al., 1977) with pig fecal extract replacing the ruminal fluid (Moore et al., 1987 
Results

pH and Chloride Ion Concentration.
The p H of the control diet was decreased (P < .001) by the addition of the organic acids from 6.42 to 4.70 (fumaric acid) and 4.90 (citric acid), but no effect (P > .lo) of organic acid supplementation was observed on intestinal pH ( Table 2 ). The pH of the stomach contents was lowest, followed by that of cecum and jejunum contents; the lower colon contents had the highest pH (P < .05). The Clconcentration of the contents from the various intestinal sections was also not affected by dietary treatments (P > .27), but Cl-concentration steadily decreased (P < .05) from a high in the stomach and jejunum to a low in the cecum and lower colon. In the stomach, p H of the contents decreased (P < .05, .01, or .001) after weaning, but the linear orthogonal contrast was not significant (Table 3) . Postweaning age did not significantly affect the pH of the jejunum contents, but pH of the cecum and lower colon decreased linearly (P e .001) with increasing age. Chloride ion concentration was not measurably affected (P < .lo) by postweaning age for any of the intestinal sections.
Volatile Fatty Acids and Nonvolatile Acids. The total concentration of VFA was lower in the upper gastrointestinal tract (stomach and jejunum) than in the lower gastrointestinal tract (cecum and lower colon), and acetic acid was the primary VFA detected in each of the intestinal sections (Table  4 ). The increase in total VFA concentration in the lower gastrointestinal tract reflects a modest increase in acetic acid and a larger increase in propionic and butyric acid. No appreciable treatment effect was observed on the concentration of VFA in the intestinal contents.
The total concentration of VFA linearly increased in the stomach (P < .001), jejunum (P e .05), cecum (P < .05), and lower colon (P < .001) after weaning ( Table 5) . Concentration of acetic and propionic acids in the stomach contents increased by d 3 postweaning and generally stabilized thereafter. The VFA of the jejunum contents exhibited concentration patterns of VFA very similar to that of the stomach contents. The concentration of acetic acid in the cecum was generally stable across days; however, the concentration of propionic acid increased linearly (P < .0011 and butyric acid decreased and then increased (P e .01) with age. Concentrations of acetic, propionic, and butyric acid in the lower colon increased linearly (P < .001) with age.
Pigs fed fumaric acid, compared with pigs fed the control or citric acid diet, had an overall h a c h mean value represents 24 observations summarized across six time points (Table 3) .
T o t a l volatile fatty acid concentration &o includes formic, isobutyric, isovaleric, valeric, diz&ooled means within a row with different superscript letters differ (P < .05). Tukey's iaoca oic, and caproic acids.
studentized range test waa used.
greater concentration of fumaric acid, and, therefore, total NVA, in the stomach (P < .001) and jejunum [P < .05) contents ( The Concentration of lactic and succinic acids in stomach contents decreased quadratically (P e .004) after weaning ( Table 7) . The concentration of fumaric acid increased (P < .01) linearly from the baseline level in the stomach and jejunal contents, but only in pigs fed fumaric acid (data not shown). Lactic acid concentration in the jejunal contents decreased to nearly nondetectable levels by d 0 postweaning and tended to increase thereafter. Because the concentrations of lactic and fumaric acid increased in the jejunal contents, concentration of the total NVA WEIS greater (P < .05) on d 14 postweaning compared with the baseline concentration. The concentration of fimaric and total NVA in the cecal (P < .05) and lower colon (P < .01) contents increased linearly after weaning.
Microflora. In Trials 1 and 2, E. coli were enumerated on MacConkey agar. However, this medium did not support the growth of typical E. coli cultures under the conditions of this experi- The total anaerobic counts, lactobacillus counts, and E. coli counts all were greater (P c .05) in the lower gastrointestinal tract than in the upper gastrointestinal tract, whereas the number of clostridia was only si@icantly greater in the lower gastrointestinal tract compared with the jejunum (Table 8) . No appreciable dietary effect on total, lactobacilli, clostridia, or E. coli numbers were observed for the various gastrointestinal tract sections.
Total anaerobic bacteria in the stomach contents decreased within 6 h of weaning and generally rose thereafter ITabIe 91, with the exception of lower counts on d 14. Anaerobes in the jejunal contents exhibited a somewhat similar pattern, whereas cecum and lower colon anaerobe counts were generally stable from -2 to 21 d postweaning. As indicated by direct microscopic clump counts, anaerobic colony counts were satisfactory and ranged from 70 to 105% of the direct microscopic clump counts.
Number of lactobacilli in the stomach (P < .04), jejunum (P < .01), and lower colon contents (P c .04) were influenced by postweaning age; no age effect was observed in the cecum (P > .11; Table  Q) . Numbers of lactobacilli in the stomach contents decreased from the baseline value to d 0 postweaning, numerically increased to d 7 postweaning, and then decreased Ip < .05) to below baseline levels at d 14 and 21 postweaning. Jejunal lactobacillus counts exhibited a similar pattern, but the decline in numbers at d 14 and 21 postweaning was not as pronounced. Lower colon lactobacillus numbers increased from baseline counts to d 7 postweaning and stabilized thereafter.
Clostridia numbers in the stomach [P e .05), jejunum (P c .05), cecum (P c .05), and lower colon (P < .lo) were affected by postweaning age Risley, 1990) . However, in the present 21-d study, no improvement in growth performance was observed. These previously reported improvements in growth performance have been hypothesized to be a direct result of the reduction of intestinal pH and the modification of intestinal microflora by the organic acids (Scipioni et al., 1978; Burnell et al., 1988) . Scipioni et al. (1978) reported a nonsignificant reduction in the stomach and jejunal pH of weanling pigs from 4.55 and 6.57 to 3.50 and 6.43, respectively, by feeding diets containing 1.0% citric acid. Burnell et al. (19881 also observed a nonsignificant decrease in the pH of the small intestine from 6.76 to 6.19 in 7-wk-old weanling pigs fed a starter diet with 1.0% sodium citrate. Both groups of investigators used complex diets containing dried whey, which produces a diet with lower pH than diets that do not contain dried whey. We also observed a nonsignificant decrease in gastric and jejunal pH by feeding 1.5% fumaric or citric acid in a simple diet ( Table 2) .
Our data, as do the data reported by Scipioni et al. (1978) and Burnell et al. (19881, suggest that the supplementation of starter diets with organic acids does not substantially reduce the intestinal pH; therefore, decreasing the intestinal pH ic:
probably not a primary effect of feeding organic acids.
The organic acids were anticipated to stimulate the secretion of HCl. The stomach concentration of Cl-should have increased from a low at d 0 to a high at d 21 postweaning. However, the concentration of Cl-remained stable from d 7 to 21 postweaning, which did not reflect the increasing acidity of the stomach. Therefore, C1-concentration was not an appropriate indication of gastric HCl ( Table 3) .
Volatile Fatty Acids and Nonvolatile Acids. The lack of a dietary effect on the VFA profile suggests that organic acids were unable to substantially modify the intestinal microflora population and(or1 their metabolism Warel and Pond, 1985) . However, the increase in succinic acid in the stomach of pigs fed fumaric acid may indicate some modification of microbial metabolism. Lack of a dietary effect on the VFA profile was also observed in work reported by Risley (19901 and suggests that the mode of action of organic acids on growth performance may not be related to changes in intestinal microflora. The concentration of NVA decreased from the upper to the lower gastrointestinal tract. This decrease in NVA, notably fumaric in pigs fed fumaric acid, suggests that fumaric acid may be absorbed directly by the pig and(or1 utilized by intestinal microflora. If fumaric acid is absorbed directly, this NVA may serve as an additiond energy source. Kirchgessner and Roth (1982) reported that fumaric acid could be used as an energy source with efficiency equal to that of glucose. This additional energy would be important to the newly weaned pig, whose body energy reserves are low and whose postweaning feed intake is inadequate (Fenten et al., 19851 . This disappearance of fumaric acid suggests that organic acids may be a readily available source of energy to weanling pigs.
The increase in VFA and NVA concentrations throughout the gastrointestinal tract coincides with the increased availability of fermentable substrate associated with increased feed consumption (.Fierat et al., 1987) . Newly weaned pigs normally have a period of low feed intake shortly after weaning and then increase their feed consumption by d 7 postweaning (Fenten et al., 1985) .
Research in our laboratory has found feed consumption of weanling pigs to be 12 g for d 1 bameru et al., unpublished data) . In the present study, the low feed intake was evident from the small amounts of content found in stomachs on d 0 , 3, and 7 postweaning. Low feed intake after weaning may be the primary underlying cause of the poor growth performance observed during the 1st wk postweaning.
Microflora. In contrast to the findings of Scipioni et al. (1978) , who observed a decrease in total anaerobes and E. coli by feeding citric acid to weanling pigs, the addition of organic acid in this study had no major effect on bacterid populations. Difference between studies may be due to different media used; Scipioni et al. (1978) used Violet Red Bile agar for E. coli and RCM (Oxoid) for anaerobes and used Gas-pak jars for incubating anaerobic bacteria. We used Levine eosin methylene blue agar in Gas-pak jars for E. coli and roll-tubes with pig fecal extract-glucosecellubiose agar for enumeration of total anaerobic count. The general lack of a dietary effect on intestinal microflora in our study suggests that these acids may have little effect on the intestinal microflora.
Total anaerobic counts generally decreased from -2 to 3 d postweaning and then increased by d 7 in all intestinal sections. Changes in bacterial numbers in the stomach and jejunum corresponds to levels of feed intake. As stated previously, the level of feed intake is low shortly after weaning, which would result in little intestinal digesta to support bacterial growth (Morishita and Ogata, 19701. By d 7 postweaning, however, the feed intake would be sufficient to support a larger bacterial population.
Clostridia numbers decreased to undetectable levels by 14 and 21 d postweaning throughout the gastrointestinal tract. This decline in numbers may be due to the change in diet from a liquid milk diet Chigh clostridia counts) to a dqy cornsoybean meal-based diet aow clostridia counts). The biological significance of the modest changes in clostridial numbers is questionable because this population of clostridia (lipase positive and neomycin resistant) made up less than .01% of the total intestinal microflora.
Lactobacillus and E. coli numbers were not affected by the supplementation of the weanling diet with organic acids. Organic acids were expected to lower the intestinal pH and produce a more favorable environment for lactobacilli. The lower intestinal pH and greater lactobacilli numbers should inhibit the proliferation of E. coli (Cranwell et al., 1976) . These effects were not observed and may be attributed to the lack of an intestinal pH and lactobacilli concentration change with the 1.5% level of organic acid supplementation.
The gastrointestinal population of lactobacilli, except in the lower colon, did decline after weaning (d 0 and 3 postweaning) and then increased by d 7 postweaning. Concurrently, E. coli counts were generally greater on d 3 or 7 postweaning. These bacteria are normally considered antagonistic Le. lactobacillus inhibits the colonization and proliferation of E. coli by blocking possible intestinal receptors of E. coli and by secreting toxic metabolites; Danielson et al., 1989. During the 1st wk postweaning, numbers of lactobacillus are low and numbers of E. coli are high, making the pig most susceptible to scouring and poor growth performance.
Implications
The supplementation of organic acids into diets for weanling pigs lowered dietary pH but did not alter intestinal pH, chloride ion concentration, or volatile fatty acid profile and did not change signifkantly the intestinal bacterial populations that were measured. The postweaning lag in pigs is a complex and interrelated problem. Poor feed intake and changes in the E. coli and lactobacillus populations are two possible causes.
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